The role of the adrenal medulla and peripheral sympathetic nerves in the physiological responses of the fetal sheep to hypoxia.
In studies on the role of the peripheral sympathetic system during fetal life the effects of adrenal demedullation or chemical sympathectomy on the responses of the fetal sheep to hypoxaemia have been studied. Fetal sheep of 127-138 days gestation were either adrenal demedullated by injection of acid formalin into the adrenal medulla, chemically sympathectomised by chronic treatment with guanethidine sulphate, or subjected to both manipulations. None of these treatments had any effect upon resting heart rate and blood pressure, or blood gas status. Hypoxia was induced by giving the pregnant ewe 9% O2 and 3% CO2 in N2 to breathe for 60 min. This depressed fetal PO2 by about 30% in the intact and all but the adrenal-demedullated, chemically-sympathectomised fetuses, where the fall was about 50%. Similarly in this group of fetuses there was a sharp fall in plasma pH contrasting with little change in the other fetuses. Adrenal demedullation blocked completely the hypoxia-induced rise in fetal plasma adrenaline, and reduced that of noradrenaline to 10% of normal, implying that during hypoxia most of the plasma elevation of catecholamines is of adrenal origin. In contrast, and possibly to compensate for the blunted catecholamine response, plasma AVP increases during hypoxia were substantially enhanced by adrenal demedullation. Fetal hypoxia was associated normally with a fall in heart rate and rise in blood pressure. Adrenal demedullation had no effect on the heart rate changes, thought to be a reflex response to rise in blood pressure, but abolished the rise in blood pressure during hypoxia. Chemical sympathectomy, in contrast, abolished the fall in heart rate even though blood pressure rose. This shows clearly that reflex changes in heart rate during hypoxia can be uncoupled from those in blood pressure. Turning to the endocrine effects of demullation, cortisol and ACTH responses to hypoxia were much increased, whilst those of insulin were depressed. During chemical sympathectomy these responses were much accentuated in the case of cortisol and ACTH but depressed for insulin. A feature of these effects was that the endocrine changes in the adrenal-demedullated fetuses, whilst initially high, were not sustained for the 60 min of hypoxia. The same was true of the fetal matabolic responses to hypoxia reflected in plasma glucose, lactate and non-esterified fatty acids. Most of the results in this study are consistent with the proposal that in the fetus adrenal catecholamines are important in sustaining responses to hypoxia, but not normally initiating them.